Models of kangaroo populations have primarily focused on the prediction of population growth and distribution in relation to environmental variation at broad geographic scales. Current understanding of small-scale patterns in distribution, habitat breadth, and niche occupation is less complete. A powerful model of dispersion is ideal free distribution (IFD) theory. In plant-herbivore grazing systems, the most appropriate IFD models are those that allow for the incorporation of a standing crop of resources. Using eastern grey kangaroos (Macropus giganteus), we test the predictions of a previously described standing-crop IFD model where the number of consumers on a patch is proportional to the resource input rate, the standing crop of resources on all patches at equilibrium are equal (in the absence of interference), and the resource mortality rate is directly equivalent to the resource input rate, and is independent of the resource density (in the absence of interference). We make these comparisons at both the habitat and patch scale. At the habitat scale, we observed significant departures from these predictions that are consistent with the commonly reported occurrence of undermatching, whereas at the patch scale, little concordance with the predictions was observed. These results suggest that eastern grey kangaroos select for resources at the habitat scale but not at the level of the patch.
Modeling of kangaroo (Macropus) populations in Australia has received considerable attention since the 1960s. Overabundant populations of kangaroos can have severe impacts on biodiversity and conservation of native vegetation (Coulson 2001; Grice and Barchia 1992) . Therefore, attempts to model kangaroo populations have sought to provide some understanding of the dispersion of populations in the environment and to determine how environmental variation affects the size of kangaroo populations. At broad geographic scales, researchers have focused on modeling the dispersion and growth of kangaroo populations in relation to variability in environmental parameters such as rainfall, climate, and landscape structure (Cairns et al. 1991; Caughley and Grigg 1981; Caughley et al. 1987; McAlpine et al. 1999; McCarthy 1996; Short et al. 1983) . At a smaller scale, the dispersion of kangaroos has been examined in relation to local variation in available habitat, such as vegetation structure and the proximity to forage and shelter (Caughley 1964; Coulson 1993; Frith 1964; Kaufmann 1974; Southwell 1987) . Southwell et al. (1999) addressed the importance of scale in models of macropodid dispersion. They examined the distribution of 9 macropodid species at both broad and local scales in eastern Australia in an attempt to identify the disparity in dispersion patterns among scales and species. Their study highlighted the necessity of models that incorporate finegrained variation in distribution to properly quantify habitat breadth and niche occupation, particularly for larger and more mobile species of macropodids.
Models relating the distribution of consumers to the availability of resources at small scales can be considered within the framework of ideal free distribution (IFD) theory (Fretwell and Lucas 1970) , although the theory also is applicable at larger scales. IFD theory is based on the assumption that competitors are ideal, selecting habitat on the basis of maximizing survival and reproductive fitness, and that they are free, such that consumers are not constrained in their choice of habitat. IFD models assume that indirect competition for resources, termed exploitation competition, is the principal factor constraining the distribution of natural populations. When a population of foragers reaches an equilibrium state, individual intake rates of consumers should be equal irrespective of the patch occupied (Kacelnik et al. 1992; Sutherland 1983) . Many models exploring different scenarios and conditions have been developed (see Tregenza 1995) . Some models relax the requirement of the immediate exploitation of resources once Lessells 1995; Oksanen et al. 1995) . Integrating standing crops in IFD models enhances their applicability to plant-herbivore grazing systems, where forage is continually available in the form of plant biomass.
Unlike immediate exploitation models, the suitability of a patch for a consumer in standing-crop IFD models is determined by the quantity and quality of resources as well as the density of consumers. Standing crop is in turn determined by resource input rate (or plant productivity) and resource mortality (which is correlated with consumer density). Lessells (1995) presented theoretical standing-crop models for continuous input situations, with or without competitor interference, and with or without an alternative source of resource mortality. Interference is defined as situations that result in short-term reversible declines in intake rate, resulting from competitive interactions with other consumers as food or prey become more difficult to acquire (Goss-Custard 1980; Sutherland 1983; Tregenza et al. 1996a ). Inherent in standing-crop models is the assumption that the resource input rate remains constant, although different, for discrete patches. At equilibrium, assuming that all consumers are equal, the intake rates of all individuals should be equivalent regardless of their occupancy of poor-or good-quality foraging patches. If this is upheld, the standing crop of resources also should be identical in each patch (Lessells 1995; Oksanen et al. 1995) . These relationships are predicted to alter under interference, with consumer density and resource mortality predicted to increase with resource density (Lessells 1995) .
Although standing-crop IFD models make theoretical sense, testing of their applicability in experimental situations has been limited. Tregenza et al. (1996b) examined the behavior of cichlid fish (Aequidens portalegrensis) in relation to the models of Lessells (1995) and obtained good empirical support in a controlled laboratory environment. They suggested that interference competition between consumers contributed to fish density across different patches. In a study on armored catfish (Ancistrus spinosus) feeding on rock-growing algae, habitat selection corresponded to IFD model predictions and highlighted that agonistic interactions among individuals were affecting the capacity of individuals to feed freely (Oksanen et al. 1995) . Validation from populations of large free-ranging herbivores has so far been minimal. A study of natal dispersal in female roe deer (Capreolus capreolus) by Wahlström and Kjellander (1995) reported positive selection for habitat of higher nutritional quality and found no differences in fitness among individuals from both habitats. A study of captive white-tailed deer (Odocoileus virginianus) examined the selection of 2 artificial patches under 3 reward ratios (Kohlmann and Risenhoover 1997) , and reported an overuse of the poorer patch that deviated from predictions of IFD models. Conradt et al. (1999) used ideal free concepts to examine the relationship between forage habitat use and lifetime reproductive success for female red deer (Cervus elaphus), and found no difference in lifetime reproductive success between individuals with differing access to highquality forage.
We examined small-scale patterns of patch selection by eastern grey kangaroos (Macropus giganteus) by comparing their distribution to that predicted by standing-crop IFD models. Eastern grey kangaroos are well suited to being considered within an IFD framework because they preferentially select high-quality forage (Taylor 1983 (Taylor , 1984 and adjust their foraging efficiency in accordance with resource abundance (Jaremovic and Croft 1991a) . Eastern grey kangaroos form open-membership groups that are not fixed in size or composition (Jarman and Coulson 1989; Southwell 1984) , are not territorial, and can be highly mobile (Jarman and Taylor 1983) . Some evidence exists of aggression among individuals competing for limited resources (Jaremovic and Croft 1991a) , and these kangaroos exhibit density-dependent selection of foraging habitat at small scales (Ramp and Coulson 2002) . Loose associations have previously been made between kangaroo densities, forage quality, and availability (Jaremovic and Croft 1991b; Taylor 1984) , but spatial dynamics of resource selection are poorly understood.
This study evaluates the selection of patches for foraging by eastern grey kangaroos by using the predictions of standingcrop IFD models to explore consumer-resource dynamics at these small spatial scales. The relationships between consumers and resource parameters predicted by the IFD standing-crop model described by Lessells (1995) , assuming no competitive interference and alternative sources of prey mortality, are tested. Predictions were evaluated at the habitat and patch level in a field-based study. Specifically, this study tested the predictions that the number of consumers on a patch is proportional to the resource input rate, the standing crop of resources on all patches at equilibrium are equal, and the resource mortality rate is directly equivalent to the resource input rate, and is independent of the resource density. Lessells's (1995) predictions allowing for interference competition are discussed in light of departures from expectations.
MATERIALS AND METHODS
The study was conducted during summer in January 1999 (Ramp and Coulson 2002) . Sampling was not conducted in the aquatic verges community because it is periodically flooded and covers only a small proportion (,5%) of the total area. Mosaics of foraging patches occur within the remaining habitats. These patches are structurally open sites dominated by low sward, and are composed of mostly grass species (.90%) and a mixture of herbaceous species. The patches provide kangaroos with high-quality regrowth resulting from continual foraging (through a facilitation process) and are the preferred feeding areas for most kangaroos within the catchment. The size of these patches differs among habitats. The catchment can be considered a single grazing system, with the population of between 1,700 and 3,000 eastern grey kangaroos effectively free of competitors (Coulson et al. 1999) . Approximately 20 swamp wallabies (Wallabia bicolor) coexist with the kangaroos, whereas rabbits (Oryctolagus cuniculus) are almost completely absent. Predators such as wild dogs are continually removed by catchment managers and as such are not considered to have a major impact on dispersion patterns. Human presence is also restricted, leaving the kangaroos largely free to select habitat that maximizes their short-and long-term fitness.
A stratified sampling regime was implemented, with 10 sample locations established approximately equidistant among foraging patches within each habitat. Rather than habitats representing disconnected units, sampling locations were chosen such that the majority would be within the daily home range of foraging kangaroos. Home ranges of adult female eastern grey kangaroos at Yan Yean Reservoir Catchment range between 26 and 158 ha ( X ¼ 62.3 ha- Moore et al. 2002) . Therefore, working at this scale makes it possible to make assessments at both the population and habitat level. Random sampling of foraging patches within each habitat was done to ensure that resource variation in the system was captured. To measure patch selection within a standing-crop IFD framework, it was necessary to measure consumer density, resource density, resource input rate, and resource mortality at each sampling location. For the purposes of this study, resource density (standing crop) was defined as the amount of grass biomass available, resource input rate was defined as the productivity of grass, and resource mortality was defined as the removal of grass biomass. Note that these variables are traditionally defined in per capita terms (see Lessells 1995) ; however, this is problematic when prey items can not be clearly defined (where plants are not easily separated into individual units). This should not alter predictions because similar suites of plant species with comparable morphologies occur among foraging patches. Resource quality also is an important variable influencing foraging among herbivores and should be incorporated in estimates of patch suitability. In January 1999, when this study was conducted, plant quality (measured as plant greenness) was not significantly different among habitat patches (see Ramp and Coulson 2002) , eliminating any confounding effect of plant quality.
Estimates of resource input rate, mortality, and density were derived by preventing grazing by kangaroos at each sampling point by erecting temporary grazing exclosures composed of 1.5-m-high chain-mesh fencing (1.5 Â 1.5 m). Destructive sampling methods were used to estimate biomass (Catchpole and Wheeler 1992) . We obtained an estimate of initial standing crop from a point 2 m outside the exclosure, where the vegetation was as similar to that inside the exclosure as possible. Four 0.25-m 2 square plots at each point were used to estimate grass biomass. All living vegetative matter was clipped from the plot to ground level, sorted, and then dried at 808C for 2 days and weighed. Only grass biomass was measured, because eastern grey kangaroos are highly selective foragers (Taylor 1983) , with foraging restricted to perennial grasses and occasionally supplemented with herbs and shrubs when grasses are scarce (Duncan 1992; Jarman and Phillips 1989; Woolnough and Johnson 2000) . After a period of 1 month, biomass was harvested both inside and outside the exclosure. The inside biomass provided an estimate of the final standing crop and the outside standing crop was used to calculate grazed offtake. Productivity (g/m 2 ), or resource input rate, of the grass at each point was derived by subtracting the initial standing crop from the final standing crop. Grazed offtake by kangaroos (g/m 2 ), or resource mortality, was derived by subtracting the outside standing crop from the final standing crop.
Measurements of consumer density were made indirectly by recording fecal pellet deposition. This method of evaluating the time spent foraging by kangaroos has been used extensively for estimating habitat use by kangaroos (e.g., Arnold et al. 1995; Coulson and Raines 1985; Ramp and Coulson 2002) , and can be used as an index of foraging time because kangaroos defecate primarily while feeding (Southwell 1989) . Defecation rates vary diurnally (Johnson et al. 1987 ), but any temporal bias is reduced given the length of the study. Gut retention times also might be expected to differ with differences in diet quality; however, plant quality was not significantly different among habitats (Ramp and Coulson 2002) . Plots for measuring deposition rates were located approximately 5 m from the temporary exclosures. Following the methodology of Hill (1981) and Southwell (1989) , fecal pellets were cleared from 9.95-m 2 circular plots at the start of the experiment, and then pellets in the plot were counted again after 1 month. These totals were divided by the number of days between sampling to derive the average pellet deposition rate per day for each plot.
One-way analysis of variance was used to examine differences in means among habitats for all of the variables measured. Post hoc analyses were conducted by using Student-Newman-Keuls tests. Linear regression was used to compare relationships between continuous variables, with significance accepted at a ¼ 0.05. Regressions were performed across habitats and within habitats. All analyses were performed by using SPSS v 11 software (SPSS Inc., Chicago, Illinois). A positive relationship between consumer density and resource input rate was identified when compared across habitats (b ¼ 0.51, R 2 ¼ 0.25, F ¼ 9.45, P , 0.01; Fig. 1 ). Similar positive relationships were observed between consumer density and resource density (b ¼ 0.43, R 2 ¼ 0.19, F ¼ 6.47, P , 0.02), and consumer density and resource mortality (b ¼ 0.33, R 2 ¼ 0.33, F ¼ 13.79, P , 0.01). No relationship was identified between consumer density and the 3 resource variables when these comparisons were made within each habitat (at the patch level; Table 2 ).
RESULTS

Pellet deposition rates varied among habitats (F
The level of resources among habitats differed (F ¼ 3.67, d.f. ¼ 2, P , 0.04; Fig. 2a) , a trend that persisted within habitats, although not significantly among intact open-forest patches (Table 2) . Resource mortality and resource density also were correlated both at the habitat level (b ¼ 0.78, R 2 ¼ 0.61, F ¼ 43.00, P , 0.01; Fig. 2b ) and at the level of the patch (Table 2) . Lessells's (1995) standing-crop IFD model without interference and alternative sources of mortality initially predicts a directly proportional positive linear relationship between consumer density and resource input rate. The amount of time spent foraging by eastern grey kangaroos positively increased with increasing productivity of grass across habitats. However, this consumer-productivity relationship was not directly proportional because the y-intercept was different from 0 and the slope was less than 1 (b ¼ 0.51), indicating underuse of better patches. Termed undermatching, this is a commonly observed deviation from IFD predictions (see Tregenza 1995) . The This result is consistent with the conclusion that undermatching is occurring, because standing crops on the better patches were greater. The 3rd prediction of Lessells's (1995) model is that resource mortality and resource input rates should be directly proportional, while remaining independent of the resource density. A high correlation was found between resource mortality and resource input rate, upholding the 1st component of this prediction. However, resource mortality also was highly correlated with resource density and was not independent as predicted.
DISCUSSION
The above relationships are considered at the habitat level, by using samples from all patches irrespective of habitat. If only within-habitat comparisons were made, these relationships changed (Table 2) . Resource mortality was still correlated with resource input rate (except among intact open-forest patches) and was still correlated with resource density; however, the correlation between consumer density and resource input rate evident at the broader scale was no longer significant, suggesting that resource selection was detectable at the habitat but not patch scale. This indicates that the kangaroos at Yan Yean Reservoir Catchment identify habitats as discrete units and can discriminate between differing levels of resources at this scale, a finding similarly reported by Ramp and Coulson (2002) . It is still likely that kangaroos discriminate among patches for a variety of other reasons, such as the presence of conspecifics, perceived predation risk, temperature, and proximity to other resources.
Departures from an IFD framework can occur for a variety of reasons and have been reviewed extensively (see Kennedy and Gray 1993; Tregenza 1995) . In testing the predictions of Lessells's (1995) standing-crop model, we have found reasonable agreement with 2 of the 4 predictions. The observed departures suggest that undermatching is occurring. Potential explanations for this underuse of better habitat patches include competitive interactions (termed interference), as well as differences in competitive and perceptual abilities. Interference can lead to lower intake rates when consumer density increases on a patch of equivalent resource density. With interference included in the model, resource density should increase with consumer density, and resource density should increase with resource input rate (Lessells 1995) . This study obtained reasonable agreement with both of these predictions. In a concurrent study at Yan Yean Reservoir Catchment, the frequency of direct competitive interactions such as cuffing between eastern grey kangaroos was very low, occurring in only 1.8% of the 1,043 visual observations made of foraging kangaroos (Maguire 1998) . The relative infrequency of these events makes it unlikely that they alone are responsible for the observed differences in standing crops among habitat patches. However, it is possible that interference may result from indirect or more subtle interactions elicited by dominant individuals (e.g., from threats such as growling-Jaremovic and Croft 1991a).
Undermatching also can result if individual eastern grey kangaroos differ in their competitive abilities and therefore are unequal competitors (Parker and Sutherland 1986; Sutherland and Parker 1985) . Differences in abilities among consumers can result from variation in size, age, or aggressiveness (Sutherland 1996) , but consumers also can differ in their foraging efficiency. Undermatching of resources results when dominant or efficient individuals utilize higher-quality patches while subdominant or inefficient individuals are relegated to poorerquality patches. It is currently unclear whether eastern grey kangaroos differ in their competitive ability in acquiring resources. Clarke et al. (1989) found no differences between male and female feeding times or bite rates, whereas Jaremovic and Croft (1991a) and Watson and Dawson (1993) linked differences in the foraging efficiency of grey and red kangaroos, respectively, to the energetic requirements and digestive constraints of different sex and age classes. Differences in a range of foraging efficiency variables for different sex and age classes of eastern grey kangaroos have been observed at Yan Yean. We are now seeking to ascertain whether ''better'' competitors are in higher abundance on ''better'' patches.
A further assumption of standing-crop IFD models not directly measured here is that individual intake rates should be equivalent among patches. Models of unequal competitors imply that intake rates of better competitors will remain consistently higher than less efficient phenotypes, regardless of the population density and the patch they occupy (Sutherland and Parker 1992; Tregenza and Thompson 1998) . Good empirical evidence for these relationships has been primarily observed from studies of fish (Croy and Hughes 1991; Milinski 1984) and birds (Alatalo et al. 1992; Harper 1982) . Differences in bite rates among habitats by different sex-age classes of kangaroos at Yan Yean Reservoir Catchment have been observed (Maguire 1998) , further suggesting deviation from the prediction of the standing-crop IFD model.
Use of an IFD framework to explore consumer-resource dynamics is a powerful approach for examining dispersion patterns in free-ranging herbivores. By focusing at scales where the home range of the individual encompasses a number of patches within habitats, it is possible to relate the daily foraging decisions of individuals to resource variation and competition from conspecific consumers, whether driven by exploitation competition alone or with some form of interference competition. Collection of this information for free-ranging populations of herbivores can prove difficult but is still feasible. For eastern grey kangaroos, the selection of resources was more evident at the scale of the habitat, rather than at the level of the patch. Departures from the predictions of Lessells's (1995) standing-crop IFD model gave considerable insight, indicating that underuse of foraging patches within better habitats was occurring. These departures highlight a variety of potential causes that are currently being explored and will provide a better understanding of small-scale patterns of selection in these free-ranging herbivores.
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